Abstract. Defects in the function of mismatch repair (MMR) genes result in genetic instability, a common feature of malignant progression. This study was conducted to determine the frequency of genetic instability [defined as microsatellite instability (MSI)] and to evaluate the sensitivity/specificity of immunohistochemistry in predicting the deficiency in MMR genes in renal cortical tumors. A total of 51 surgically-resected renal tumors (27 clear cell, 10 papillary, 5 chromophobe carcinomas and 9 oncocytomas) were studied. We also analyzed the correlation with clinicopathological parameters, the MSI status (assessed by using 5 microsatellite markers: D2S123, D11S904, D3S1621, D3S1683 and BAT26), and the immunohistochemical expression of 2 major MMR genes [the human mutL homolog 1 (hMLH1) and the human mutS homolog 2 (hMSH2)]. Sixteen cases (31.4%) showed MSI: Three (5.9%) demonstrated a high level of MSI, 11 (21.6%) demonstrated a low level of MSI, 2 (3.9%) presented with a loss of heterozygosity, and the remaining 35 (68.6%) exhibited microsatellite stability. The loss of hMLH1 and hMSH2 immunohistochemical expressions was observed in 5/51 (9.8%) and 9/51 (17.6%) cases, respectively. The complete absence of both hMLH1 and hMSH2 immunohistochemical expressions was observed only in the 3 cases with a high level of MSI. This study showed that defects in MMR genes are involved in renal carcinogenesis and correlate with the occurrence of MSI.
Introduction
Renal tumors represent 4% of all adult malignancies in the United States, accounting for <57,000 newly diagnosed cases and ~13,000 deaths each year (1) . As a histopathologically heterogeneous entity, most sporadic tumors (~80%) are classified as clear cell (or non-papillary) tumors, with 12% of non-clear cell tumors predominantly classed as oncocytomas (ONCs) and 5% as chromophobe carcinomas (CHRs) (2) .
The histopathology of these neoplasms has been correlated with distinctively different genetic changes, indicating that unrelated molecular mechanisms underlie the development of each type of tumor (3) (4) (5) (6) . The most frequent genetic alterations implicated in renal cell carcinomas, particularly in the clear cell type, are located on the short arm of chromosome 3, where the VHL tumor suppressor gene is also located (i.e. 3p26-p25) (3, 7) . Mismatch repair (MMR) genes are involved in the recognition and repair of the nucleotide mismatch during DNA replication (8) . Alterations in the expression or sequence of MMR genes have been shown to result in genetic instability, a phenomenon also known as microsatellite instability (MSI) (8) (9) (10) (11) (12) . Microsatellite sequences are highly unstable in tumor cells with defective DNA mismatch repair. Therefore, microsatellites are markers of mutator phenotypes and a measure for defects in the DNA mismatch repair pathway. MSI has been characterized by the variations in the size of simplesequence nucleotide repeats in tumor DNA compared with normal DNA of the same individual (8) .
Previous studies have demonstrated alterations in MMR genes [such as the human mutL homolog 1 (hMLH1) and the human mutS homolog 2 (hMSH2)] and the presence of MSI in human cancers, as well as in renal tumors (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . However, data on the incidence of MSI in renal cortical cancers is conflicting and the role of the MMR genes in these malignancies is still largely unknown.
In order to determine the contribution of the defects in MMR genes in renal cortical carcinogenesis, we retrospectively examined a series of 51 renal tumors for MSI and MMR protein expression and correlated these findings with clinicopathological features. None of these patients were known to have von HippelLindau syndrome. The samples were used with the approval of the Institutional Review Board. Informed consent was obtained from all the patients involved in the study. The gross surgical specimens were all examined according to a standardized protocol. Gross serial sections were obtained from the whole resected kidney, enabling tissue samples to be collected from both cancer and normal renal parenchyma. The tissue samples were routinely processed for histological examination. Serial sections (4-6 μm thick) were obtained from paraffin blocks and stained with H&E or used for immunophenotyping. All the tumors were histologically re-evaluated according to the WHO classification (2) and staged according to the AJCC Staging and the TNM System (32).
Microdissection procedures and DNA extraction. Four consecutive 10-μm thick sections were obtained for DNA extraction. The tumor tissues were manually (i.e. scalpel blade-assisted) microdissected from adjacent normal tissue to ensure that each tumor sample contained at least 70% neoplastic cells. Normal renal tissue from each case was microdissected by the same methods as the control. The material dissected was collected in Eppendorf vials and processed for DNA extraction, as previously described (32) .
Analysis of MSI.
Microsatellite instability was studied using 5 markers (D2S123, D11S904, D3S1621, D3S1683 and BAT26; Table I ) according to the Bethesda panel proposed by Bocker et al (33) . Extracted DNA (5 μl) (~20 ng) were used in a 50 μl PCR reaction which contained 10X buffer, MgCl 2 (1.5 mM), dNTPS (200 μM), primers (5 μM) and dH 2 O. The optimal PCR cycle number for each chromosomal locus was selected to avoid the formation of multiple artifactual bands (Table I ). The PCR products were analyzed on a 10-12% non-denaturing polyacrylamide gel and stained by Silver stain (Bio-Rad, San Diego, CA, USA). MSI was defined as the presence of additional bands in the PCRamplified product derived from neoplastic lesions in comparison to non-neoplastic tissues from the same patient. Tumors exhibiting MSI in 2 or more markers were defined as MSI-high (MSI-H). Tumors showing instability in only 1 marker were defined as MSI-low (MSI-L). The loss of 1 allele in a patient with a heterozygous genotype was interpreted as the loss of heterozygosity (LOH). Tumors in which no marker exhibited MSI were considered to exhibit microsatellite stability (MSS). Samples positive for MSI or LOH were analyzed twice with a new PCR and electrophoresis to confirm the alteration.
Immunohistochemical analysis. In all the cases, immunohistochemical staining was performed automatically (Ventana Benchmark XT system; Touchstone, AZ, USA) for hMLH1 (clone 14, 1:50; Zymed, San Francisco, CA, USA) and hMSH2 (clone Ab-2, 1:100; Oncogene, La Jolla, CA, USA) according to the manufacturer's instructions. The sections were lightly counterstained with hematoxylin. The appropriate positive and negative controls were run concurrently. Immunohistochemical expression was scored by 1 pathologist (G.A.) with no knowledge of the patients' clinical history. The normal staining pattern of both hMLH1 and hMSH2 was nuclear. Infiltrating lymphocytes as well as stromal cells served as the internal positive controls. The cases were dichotomized as positive [positive staining of at least 10% of the tumor cell nuclei in almost 6 high-power microscopic fields (x400), corresponding to 1,000 observed cells] and negative (≤10%).
Statistical analysis. The relationship of hMLH1 or hMSH2 immunostaining with MSI occurrence was calculated. The significance of the associations between the groups was Table I . Microsatellites used in this study. Table II . Clinicopathological features, MSI status, and immunohistochemical results in 51 renal cell tumors. 
Results
The age of the patients ranged from 22 to 83 years, with a mean age of 63.1±12.2 years. There were 35 males and 16 females (Table II) .
Among the 51 renal tumors analyzed, 16 (31.4%) showed MSI. In particular, 3 (5.9%) were MSI-H, 11 (21.6%) were MSI-L, 2 (3.9%) cases presented with LOH and the remaining 35 (68.6%) were MSS (Table II) 
----------------------------------------------------------------------------------------------------------------No. Gender
Age Histology  D2S123  D11S904  D3S1621 D3S1283  BAT26  MSI status  IHC expression  ----------------hMLH1 hMSH2 ---------------------------------------------------------------------------------------------------------------- CLEAR, clear cell carcinoma; PAP, papillary carcinoma; CHR, chromophobe carcinoma; ONC, oncocytoma; MSI, microsatellite instability; MSI-H, MSI-high; MSI-L, MSI-low; MSS, microsatellite stability; LOH, loss of heterozygosity.
----------------------------------------------------------------------------------------------------------------
immunoreactivity of the 2 MMR proteins was predominantly localized in the cell nuclei. In the normal kidney samples, hMLH1 and hMSH2 were always expressed.
Eleven tumors (21.6%) showed MMR IHC defects. The expression of hMLH1 and hMSH2 was inversely correlated with the incidence of MSI (p<0.001): Of the 16 cases presenting with MSI, 4 cases did not show any immunoreactions for hMLH1 and 9 for hMSH2. Moreover, all the MSI-H cases lacked both the expresson of the MMR proteins by IHC. Only 1 of the 35 (2.9%; no. 39) MSS-cases showed MMR IHC defects. The hMSH2 expression showed a higher sensitivity (1.000 vs 0.800) and specificity (0.833 vs. 0.739) than the hMLH1 expression in identifying MSI positive cases.
The statistical analysis of age, gender, tumor size, Fuhrman nuclear grading, TNM and UICC classifications disclosed no significant differences or trends between the cases with or without MSI or MMR IHC expression.
Discussion
Renal cortical tumors consist of a heterogeneous tumor group which is characterized by complex cytogenetic and molecular genetic abnormalities (3, 14) . Accurate pathological classification is important, as different morphological tumor subtypes require specific therapeutic management due to markedly different prognoses and responses to therapy.
Microsatellite instability (MSI) is commonly seen in tumors associated with the hereditary non-polyposis colorectal cancer syndrome (HNPCC or Lynch syndrome II) and is mainly caused by defects in the DNA mismatch repair system (3).
MSI analysis is considered to be a promising technique for the investigation of somatic changes that occur during tumor progression and has become an important tool in renal tumor molecular pathology (14, 23) . MSI analysis has previously been used: i) to determine the genetic alterations involved in different renal tumor histotypes (19, 28) , ii) to study the possible inactivation of one or more tumor suppressor genes in renal cancer samples (25) , and iii) to investigate the clonal origin of multifocal renal cell carcinomas (21, 22) .
Furthermore, chromosome 3p MSI determined on plasma DNA has been proposed as a new diagnostic potential molecular tumor marker in patients with clear cell renal carcinoma (18, 29) . However, the role and incidence of MSI in renal cell cancers is a matter of great controversy.
A number of prior studies have evaluated MSI in renal tumors (13, 15, 17, 24, 26, 27) . However, there is remarkable and sometimes conflicting variability in terms of the type and number of loci studied, the criteria used for defining MSI, and the histological subtypes of renal cancer analyzed. Therefore, in our study, we addressed some of these deficiencies by examining a relatively sizeable series of tumors obtained from a single institution with stable fixation and processing methods.
As previously observed (13, 15, 17, 19, 24, 26, 27) , we found the relatively frequent incidence of MSI in malignant and relatively benign (ONCs) renal cortical neoplasms, without reasonable differences in the frequencies among the different tumor histotypes. These data confirm that genetic instability plays an important role in renal cortical carcinogenesis and this suggests that larger microsatellite panels should be used in the detection of histotype-specific genetic alterations.
A strong correlation has been demonstrated between alterations in the expression of the MMR genes and the presence of MSI. Such MMR defects could be caused either by a germline MMR gene mutation, or by somatic MMR gene inactivation, most commonly through epigenetic silencing via the methylation of the gene promoter. Therefore, it has been hypothesized that the immunohistochemical analysis of the MMR proteins could offer an alternative method for assessing MSI status (34) . Moreover, the deficiency in the MMR genes could have important biological and clinical consequences such as chemoresistance and prognostic changes (23, 31) .
The two key members of the MMR system are the hMLH1 and the hMSH2, as the other mutL homologues (PMS1 and PMS2) as well as the mutS homologues (hMSH3 and hMSH6), have been reported to be less stable in the absence of the first member of their lineage (35) . The hMLH1 gene is located at chromosome 3p21, a region frequently involved in deletions and translocations in renal tumors (especially in the clear cell histotype) (14, 15) , whereas the hMSH2 gene is located at chromosome 2p21, close to microsatellite D2S123, which we found to be altered in 6 (11.8%) of the analyzed cases.
MMR gene mutations have been demonstrated in renal cancer samples and in renal cancer-derived cell lines (14, 16, 17, 23, 31) . In our study, the hMLH1 and hMSH2 expression was lost in all the three tumors with MSI-H, showing a high specificity and thus further confirming, that the loss of the MMR genes is involved in the renal cortical malignant transformation. Furthermore, the defect in the MMR proteins was observed in only 1 microsatellite-stable case (no. 39), suggesting that MMR immunohistochemical analysis has a high sensitivity in identifying MSI in renal tumors.
In conclusion, our data confirmed that genetic instability is a detectable phenomenon in human renal cancers and that it could be associated with the development of the disease. Further studies using a larger series of tumors are required in order to investigate the role of the MMR system and its possible prognostic impact in renal cortical tumors.
